The survival of infective larvae (L3) of Trichostrongylus colubriformis was evaluated on Brachiaria, Coast-cross and Aruana forage grasses. Feces of sheep parasitized exclusively by T. colubriformis were deposited in winter and spring on experimental plots whose grasses were cut at two heights: 5 cm and 30 cm. One, two, four, eight, 12 and 16 weeks after depositing the feces, fecal and forage samples were collected for the retrieval and quantification of L3. Retrieval of L3 from feces and forage was negligible in winter due to the dry weather, although a few larvae were retrieved in the last larval collections. However, L3 retrieval from fecal samples was greater in spring, especially two weeks after feces were deposited on 30 cm high grasses. At this time, the L3 retrieval rate from the three forage grasses differed significantly (P <0.05), with Aruana grass showing the highest average L3 retrieval rate, followed by Coast-cross and Brachiaria. In conclusion, the winter drought proved very unfavorable for the presence of L3 in the environment, and the microclimate of Aruana pastureland was generally the most favorable for the retrieval of infective larvae.
Introduction
Gastrointestinal nematode infections are the main cause of yield losses in the sheep industry in Brazil and in other countries. Parasitism is controlled mainly with anthelmintic drugs, but the persistence of their residues in animal products and the development of the parasites' resistance to various chemical groups have led to the need to adopt other control strategies.
Several control alternatives have been searched, including studies on the population dynamics and location of infective larvae (L3) in different forage grasses commonly used in sheep farming (NIEZEN et al., 1998a, b; ROCHA et al., 2008 ROCHA et al., , 2012 .
Pasture management strategies aimed at reducing contamination and the ingestion of L3 by animals are essential to assist in the control of gastrointestinal nematodes (NIEZEN et al., 1998b) . Environmental conditions are important not only for the development and survival of free-living stages but also for the migration of L3 to forage grasses. The morphological differences in forage species also influence the development and survival of eggs and larvae in the pasture, due to the different microclimates provided by plants.
Several grass species can be used as forage for sheep, including Brachiaria decumbens cv. Australian, Cynodon dactylon cv. Coastcross and Panicum maximum cv. Aruana, whose growth rates differ. Brachiaria, which has a decumbent growth habit, is a very common grass in Brazil, albeit of relatively low nutritional value. However, Brachiaria produces few stems and its leaves remain green for long periods, which results in lower reductions in nutritional value over time, thus making it suitable to balance the seasonality of forage production (EUCLIDES et al., 2007) . Grazing deferment, which consists of reserving areas for grazing in late summer, is a seasonal strategy to enable excess forage produced in late summer to be used during the dry season (TEIXEIRA et al., 2011) . The total dry matter produced by Brachiaria grass is approximately 4,305 kg/ha (TEIXEIRA et al., 2011) .
Coast-cross has a stoloniferous growth habit. Its production of dry matter varies according to the type of soil and fertilizer, ranging from 3,613 kg/ha on unfertilized pastures to 6,134 kg/ha on pastures treated with replacement fertilizer (FERRARI et al., 1993) . Aruana, with its caespitose growth habit, offers high nutritional value, presenting high productivity, good tolerance to low grazing, as well as an open and upright leaf architecture, which favors greater incidence of solar radiation and increased ventilation within the pasture. However, Aruana grass has high requirements in terms of soil fertility (CECATO et al., 2000) . This grass has short internodes and small leaves, thus producing lower volumes of total dry matter (about 6 tons/ha) than other cultivars of the Panicum maximum species (CECATO et al., 2000) .
This study involved an evaluation of the retrieval of infective larvae of Trichostrongylus colubriformis from three forage species: B. decumbens cv. Australian, C. dactylon cv. Coast-cross and P. maximum cv. Aruana. The influence of the height of the forage grasses (5 and 30 cm) at the time of contamination and of the season (spring and winter) on larval retrieval was also evaluated.
Materials and Methods
The fieldwork involved in the experiment was carried out in the area of Sheep Production of the Department of Animal Production at the Faculty of Veterinary Medicine and Animal Science, and the lab work at the Department of Parasitology of the Institute of Biosciences, both of the São Paulo State University -UNESP at Botucatu (22°50'S; 48°24'W). The meteorological data were obtained from the Area of Environmental Sciences of the Department of Natural Resources, Faculty of Agricultural Sciences of UNESP at Botucatu.
Infective larvae of T. colubriformis were obtained and kept as described by Rocha et al. (2007) .
Experimental modules
The experimental modules consisted of six 32.4 m 2 plots planted with B. decumbens cv. Australian, C. dactylon cv. Coast-cross or P. maximum cv. Aruana, two plots per grass species.
Each plot was divided into thirty-six 30 x 30 cm subdivisions, using nylon thread and wooden stakes. To prevent the three species from invading each others' areas, the spaces between plots were weeded regularly.
Larval retrieval rates were assessed under the effect of two forage cutting heights (low = 5 cm and high = 30 cm). Cutting was done immediately prior to depositing the feces, using suitable pruning shears to prevent sectioned parts from falling to the ground.
Fecal deposits
Two fecal deposits were made: one in winter (05 August 2004) and the other in spring (24 November 2004) . The feces were deposited on the experimental plots between 12:00 noon and 1:00 p.m. The average temperature on the days when fecal deposits were made was 18.2°C in winter and 23.4°C in spring. Fecal samples were collected using fecal collection bags attached to sheep infected with T. colubriformis (details in Rocha et al. (2007) ).
On the day feces were deposited, five counts of eggs per gram of feces (EPG) were made to estimate the total number of T. colubriformis eggs in the samples. A total of 221 samples were prepared. The samples deposited in spring contained 20 grams of feces (average 280 EPG), while those deposited in winter contained 15 grams of feces (average 1500 EPG).
Retrieval of L3 from grass and fecal samples
The fecal and grass samples were collected one, two, four, eight, 12 and 16 weeks after the feces were deposited on the experimental plots. Each week, samples were collected, per forage species and per height, from the six plots. All sample collections were carried out between 6:30 and 7:30 a.m. The retrieval of L3 from the grass and fecal samples is described in detail in Rocha et al. (2008) .
The height of the grass in each experimental plot was measured immediately before cutting it. The grass was cut with pruning shears, close to the ground, inside a ring with a radius of 10 cm. The size of the ring was determined based on the fact that approximately 90% of the larvae did not migrate laterally more than 10 cm away from the feces (SKINNER & TODD, 1980) . Grass samples were stored separately in buckets. They were kept immersed in 4 L of water for four hours. After that, each herbage sample was transferred to another bucket containing 4 L of water, remaining immersed for further three hours (NIEZEN et al., 1998a; ROCHA et al., 2012) . After the period of immersion, the grass samples were removed, placed in paper bags and oven-dried to calculate the weight of dry matter. The water in the buckets was allowed to rest for 24 hours, after which the supernatant was removed and the sediment was transferred to a sedimentation jar. After an additional 24 hours of sedimentation, the supernatant was discarded and the sediment was transferred to graduated conical tube with caps. The tubes were stored in a refrigerator (4°C) until reading was performed, when the supernatant was again discarded and 1.0 ml of sediment was examined to quantify T. colubriformis L3. The results were expressed as the mean number of L3. In addition, the mean concentration of L3 on the grass, i.e., the mean number of L3 per kilogram of dry matter (L3/kg DM), was estimated.
The feces that remained on the plots were collected and stored in labeled plastic bags until they were processed in the laboratory. The larvae were separated from the feces, as described previously by Rocha et al. (2008) .
Based on the number of infective larvae collected from feces deposited on the plots relative to the number of infective larvae produced in the fecal cultures kept in the laboratory (control), the larval retrieval rate from the environment was calculated using the following formula:
Retrieval rate = 100 * (mean number of L3 retrieved from feces deposited in the environment / mean number of L3 in the cultures of the control group).
Statistical analysis
The data of L3 from feces, L3 from pasture, L3/kg DM pasture and height of pasture were subjected to one-way analysis of variance and means were compared by Tukey's test with a 5% level of significance, using Minitab software (version 11, 1996) . L3 from feces, L3 from pasture and L3/kg DM pasture data were transformed to Log 10 (x + 1) prior to analysis. However, the arithmetic means of non-transformed data are presented to clarify the results.
Results

Winter
The fecal samples contained an average of 1500 EPG. The average number of larvae collected from the control group cultures was 1740 L3, which corresponds to a development rate from egg to L3 of 5.8%.
The average temperature on the day feces were deposited was 18.2°C. The day was sunny and the relative air humidity was 45%. No major variations in temperature or humidity occurred during the initial 20 days after the deposit. Figure 1 shows the climate data. 
Low cutting height (Figure 2)
The development rate from egg to L3 in feces was very low. The highest retrieval rate occurred in week 12 from feces deposited on Aruana grass (0.6%). The development rate was low (5.8%) even in the in vitro cultures.
As a result, the retrieval rate of L3 from the grasses was almost non-existent after the fecal deposit performed in winter. L3 were retrieved only from Aruana and Coast-cross during week 2 and from Brachiaria and Aruana in week 12. In week 12, the retrieval rate of L3 from Aruana grass was higher than from Coast-cross (P<0.05). After the deposit of feces on the plots, there was little rainfall until week 8 (6.9 mm during this period). The average temperature was about 19.9°C and the relative humidity (RH) varied from 34% to 73%. From then on, it rained occasionally until week 12 (109 mm). The mean temperature in this period (from week 8 to week 12) was 18.3°C and the RH ranged from 39% to 78%.
The retrieval rate of L3/kg DM was likewise low during several weeks. Significant retrieval rates were recorded only in week 12 from Aruana grass (740.7 L3/kg DM), which showed a higher average than Brachiaria and Coast-cross (145.1 and 0 L3/kg DM, respectively; P<0.05).
The grasses showed similar growth over several weeks. In week 2, Coast-cross presented the lowest height (9 cm), differing from Aruana (12.67 cm; P<0.05). However, in week 16, Brachiaria presented the greatest height (59.17 cm), differing from Aruana and Coast-cross (41.5 cm and 39.5 cm, respectively; P<0.05). Like grass height, grass weight was also low. Weight differences occurred only in weeks 2 and 16. In those weeks, Brachiaria was heavier (12.61 and 21.59 g, respectively) than Aruana (3.53 and 11.19 g, respectively) and Coast-cross (3.47 g and 11.72, respectively; P<0.05).
The fecal pellets recovered during the experimental weeks kept their aspect intact without signs of fecal decomposition.
High cutting height (Figure 3) The egg to L3 development rate was very low. Maximum development was recorded in week 12 (0.7%), when fecal samples were deposited on Aruana grass. Similarly to what occurred when the grass cut at a low height, the retrieval rate of L3 from high cut grasses was almost zero after the winter contamination (Figure 3) .
Differences in grass height were recorded in week 4 (Aruana: 39.83 cm; Coast-cross: 31.18 cm; P<0.05) and in week 16 (Brachiaria: 78.5 cm; differing from Aruana and Coast-cross, which showed 63.17 and 57.67 cm, respectively; P <0.05).
As for grass weight, significant differences were found in weeks 1 and 16. In week 1, the weight of Brachiaria exceeded that of Aruana (21.47 g and 10.24 g, respectively; P<0.05). In week 16, Brachiaria weighed more (59.13 g) than Aruana and Coast-cross (30.4 g and 29.22 g, respectively; P<0.05).
Like the case of low cut grass, no fecal decomposition was observed during the experimental weeks. Comparison of low and high forage cutting heights
The retrieval rate of L3 from feces deposited on the grass in winter presented only the sward height effect on the late samplings, i.e., in weeks 12 and 16. In these weeks, the high cutting height favored a higher retrieval rate of L3 from feces deposited on Coast-cross (weeks 12 and 16) and Aruana (week 16). As for the L3 retrieved from grasses, the only difference was found with Aruana, when, also in a late sample collection in week 12, this forage plant exhibited a higher L3 retrieval rate (absolute number of L3 and number of L3/kg DM) from low cut grass than from high cut grass.
Spring
The fecal samples showed an average count of 280 EPG. The average number of larvae retrieved from the control group cultures was 1630 L3, which corresponded to an egg to L3 development rate of 29.1%.
The average temperature on the day feces were deposited on the plots was 23.4°C. The day was sunny and the relative air humidity was 43%. No major variations in temperature or humidity occurred during the days after the deposit.
Low cutting height (Figure 4)
The maximum development rate in the fecal samples deposited in Brachiaria was 3.4% and occurred in week 2. Infective larvae were retrieved from feces on all the experimental plots up to week 4, from Aruana plots up to week 8, and from Brachiaria plots up to week 12. The number of L3 retrieved from feces in week 2 differed significantly, with a higher average number found on Brachiaria than on Coast-cross (55 and 13.83 L3, respectively; P<0.05).
During week 2, larger numbers of infective larvae were retrieved from Aruana than from the other two grass species (P<0.05).
Large numbers of L3/kg DM were recorded up to week 8 (December 2004 and January 2005). Aruana grass presented 3804 L3/kg DM in week 2 (P<0.05), exceeding that of Brachiaria (12.5 L3/kg DM) and Coast-cross (197.4 L3/kg DM) (P<0.05 - Figure 4) . The latter also differed from Brachiaria (P<0.05). The average temperature during this period (weeks 1 to 8) was 21.4°C, with average maximum and minimum temperatures of 27.8°C and 18.4°C. Rainfall was 316 mm and the daily relative air humidity varied from 41% to 66%.
Starting in week 8, grass growth began to show significant differences. In weeks 8 and 16, Brachiaria grew considerably taller than Aruana and Coast-cross (P<0.05). However, in week 12, Brachiaria height differed only from that of Aruana (P<0.05).
The weight of the grasses differed significantly only in week 16, when Brachiaria weighed 43.86 g and Aruana weighed 18.53 g (P<0.05).
The deposited feces showed progressive decomposition, and during the last harvest, only 10%, 10.5% and 18.5% of the deposited feces remained, respectively, on Brachiaria, Aruana and Coast-cross.
High cutting height (Figure 5)
In weeks 1 and 2, the development rate from egg to L3 in feces exceeded 1%. Larvae were retrieved from fecal samples on all the grasses up to week 4. However, in week 8, larvae were retrieved only from Brachiaria and Aruana. During week 12 no larvae were retried from any of the forage species, and in week 16, larvae were only found on Coast-cross. In general, the highest retrieval rate of L3 was from fecal samples deposited on Brachiaria, albeit without a statistically significant difference (P>0.05) from the other grasses.
The highest retrieval rate of L3 from grass occurred in Aruana and Coast-cross, which showed higher averages than Brachiaria in week 2 (P<0.05). In week 4, the L3 retrieval rate from Aruana grass was higher than from Brachiaria (P<0.05).
The largest numbers of L3/kg DM were recorded in week 2. In week 4, Aruana presented a higher quantity of L3/kg DM than Brachiaria (85.51 and 10.95 L3/kg DM, respectively; P<0.05).
The forage grasses showed a similar growth rate until week 4. In week 8, however, the average heights of the three grasses differed significantly: Brachiaria was the tallest, followed by Aruana and Coast-cross. In weeks 12 and 16, Brachiaria differed only from Coast-cross (P<0.05).
Coast-cross weighed more in week 2 than Brachiaria and Aruana (P<0.05). However, in week 12, the weight of Brachiaria exceeded that of Aruana (P<0.05).
The weight of retrieved feces remained similar up to week 4. In week 8, the weight of feces retrieved from Aruana grass exceeded that retrieved from Coast-cross (P<0.05). In week 12, the weight of feces retrieved from the Coast-cross plots was only 0.74 g, which is lower (P<0.05) than the average weights retrieved from Brachiaria (2.89 g) and Aruana (3.28 g). In the last harvest, only 17.8%, 29% and 7.5% of the deposited feces remained, respectively, on the Brachiaria, Aruana and Coast-cross grasses.
Comparison of high and low forage cutting heights
In general, the high cutting height favored a higher retrieval rate of L3 from feces collected from Brachiaria in week 1 and from Coast-cross in week 2, as well as a higher retrieval rate of L3 from the forage species (absolute number of L3) in the second collection from Coast-cross (P<0.05). However, in week 2, Aruana (number of L3/kg DM) and in week 4, Brachiaria (absolute number of L3 and number of L3/kg DM) presented higher retrieval rates of L3 from low cut than from high cut grasses (P<0.05).
Discussion
Winter
In general, the retrieval rate of larvae from both feces and forage grasses was very low and during several weeks no larvae were recovered. These results may be related to the low percentage of development observed in the laboratory cultures (5.8%). Moreover, there was a severe drought in the months of August and September, which also possibly contributed to the low larval retrieval rate.
Retrieval of Trichostrongylus colubriformis
Cattle dung deposited during dry months remains as a source of infection, since the conditions within the fecal mass are favorable for the evolution and survival of free-living stages of Trichostrongylus axei. The surface of fecal matter deposited in the environment during the dry season hardens very quickly, inhibiting the migration of larvae to pasture grasses. However, this rapid hardening prevents moisture loss from inside the mass, providing favorable conditions for the evolution and survival of the free-living stages of the parasite (CATTO, 1982) . Almeida et al. (2005) also found that low rainfall associated with warm temperatures may determine the long-lasting survival of L3 in sheep fecal pellets. Rocha et al. (2007) , who evaluated the vertical migration of T. colubriformis L3 in different strata of Brachiaria and Aruana grasses, also retrieved no larvae from any stratum of these grasses in summer or winter, attributing it to the influence of climatic conditions. In the present study, the drought probably had an adverse effect on larval development in the feces deposited in August (winter). However, it did not affect larval survival, since L3 were collected from the pasture in October, when it rained occasionally, demonstrating the importance of moisture on larval development. It is possible that the eggs developed to the embryonic stage and then became quiescent due to environmental conditions that were unfavorable for their development. When the rains returned (after week 8), the embryonic eggs began to develop again, reaching L3. The embryonic eggs and L3 of T. colubriformis are generally more resistant to high and low temperatures than non-embryonic eggs and first and second stage larvae (ANDERSEN et al., 1966; ANDERSEN & LEVINE, 1968) . These findings coincide with those obtained by Ndamukong and Ngone (1996) , who found a higher development rate up to L3 in feces deposited during the rainy season, while development in the dry season was minimal. Silva et al. (2008) found that when pasture was contaminated in winter, most of the L3 remained inside the feces during the dry season, while rainfall favors larval migration to pasture grasses (CATTO, 1982; SILVA et al., 2008) .
Forage grass species may influence the migration of L3 of gastrointestinal nematodes (MARLEY et al., 2006a, b; ROCHA et al. 2007 ). In general, Aruana grass produced higher concentrations of L3 (in feces and pasture, and L3/kg DM) than the other grass species. The pilosity of forage species was not measured. However, Brachiaria was markedly more pilose than the other species. On the other hand, Aruana grass blades were very smooth, which may explain the higher retrieval rate of L3 from this forage species after occasional rains, because the larvae do not have to overcome any physical barrier. However, Oliveira et al. (2009) found no influence of trichomes on migration of Haemonchus contortus L3 on the forages. In winter, the climatic conditions played a more prominent role in controlling the development of gastrointestinal nematodes than the different forage species. 
Spring
Overall, the highest retrieval rates of L3 from faces occurred when the samples were deposited on tall forage grass (30 cm). In an experiment conducted with the same tropical forage plants, Carneiro and Amarante (2008) also retrieved larger numbers of L3 of H. contortus from feces deposited in tall grass. Similar findings were reported in a study using the same grasses, when contamination by T. colubriformis was performed in summer (ROCHA et al., 2008) and autumn (ROCHA et al., 2012) . This fact demonstrates that the greater pasture forage mass probably provided a more favorable microclimate for the development and survival of larvae in grass.
Larvae were retrieved from both forage grasses and feces up to week 16. Development rates exceeding 1% were recorded in spring. The development rate was also high, but the larvae remained for a shorter time in the environment, probably due to the higher mortality rate resulting from higher temperatures. These findings are similar to those reported by Amarante et al. (1996) , who studied the contamination of paddocks grazed continuously by cattle and sheep in the same region as that of this study, and found larger numbers of L3 of Trichostrongylus spp. in the months of May, September and October.
Unlike the retrieval of larvae from fecal samples, the number of L3 retrieved from the experimental plots was not influenced by plant height, as indicated by the fact that a similar number were retrieved from low and high cut grass. However, Carneiro and Amarante (2008) retrieved larger numbers of L3 of H. contortus from forage plants when fecal samples were deposited on tall grass (30 cm). The difference between the results of this work and those of Carneiro and Amarante (2008) may be due to the fact that H. contortus larvae are more sensitive to desiccation than T. colubriformis larvae. Embryonic eggs of T. colubriformis are more resistant to high and low temperatures than non-embryonic eggs (ANDERSEN et al., 1966; ANDERSEN & LEVINE, 1968) . Like embryonic eggs, L3 are highly resistant to desiccation (ANDERSEN & LEVINE, 1968) . Silva et al. (2008) found larger numbers of L3 of H. contortus on the upper portions of B. decumbens in September (spring) and December (summer).
The number of L3 retrieved from pastures in a study by Rocha et al. (2012) was also not influenced by plant height, except in Brachiaria and Aruana grasses, in which the largest number of L3 were retrieved from high cut grasses in week 4 after contamination of the grass species with feces containing T. colubriformis eggs.
Although a similar number of L3 were retrieved from the three forage grasses cut at the two heights, the concentrations of L3 differed, since higher concentrations of larvae (L3/kg DM) were collected from low cut grasses than high cut ones. From the epidemiological standpoint, if the concentration of L3 in tall grass is diluted, the animals will also ingest fewer larvae, thus reducing their exposure to these parasites. Moreover, grazing on forage plants with greater availability of DM can increase the nutritional intake of livestock, with a positive effect on their productivity. On average, Bassetto et al. (2009) found 7.2 and 3.1 L3/kg DM of T. colubriformis in paddocks grazed, respectively, by susceptible and resistant sheep. Their findings are similar to those of the present study.
In spring, a total of 5693.91 L3/kg DM (sum of all the weeks) was recorded in low cut grasses and of 912.95 L3/kg DM in tall grasses. Carneiro et al. (1990) also found increased contamination in October, April and May. Similar results were observed by Almeida et al. (2005) in Baixada Fluminense, state of Rio de Janeiro, Brazil. These authors studied the development, survival and distribution of Trichostrongylidae in pastures contaminated with sheep, goat and cattle dung in the dry season (May to October). They reported that L3 survived for 15 weeks on pasture contaminated with fecal samples from sheep and goats, while the retrieval of L3 from cattle dung continued for up to 21 weeks after the pastures were contaminated. The highest retrieval rate of L3 occurred in the third week after contamination (ALMEIDA et al., 2005) .
In the present study, infective larvae were still retrieved from pastures three months after fecal deposits were made, indicating that these parasites survive for a reasonable period of time in the pasture. These results differed from those obtained by Ndamukong and Ngone (1996) who suggested that pastureland in Africa can be considered safe three months after contamination. In the location of their experiment, the dry season last from November to March. The total rainfall recorded during this period was less than 50 mm. In Nigeria, sheep and goat pastures can be considered free from contamination during the dry season (CHIEJINA et al., 1989) . In the Brazilian semi-arid northeast, the transmission of parasites is likewise practically zero during the dry season (CHARLES, 1989) . In regions of low rainfall during certain seasons of the year, such as Brazil's southeast and central-west, rotational grazing systems cannot be employed efficiently as a tool in the control of nematode parasites.
In this study, the highest T. colubriformis L3 retrieval rate was from Aruana grass in the second week after contamination of the experimental plots. Thereafter, retrieval rate of L3 from all the forage grasses declined. This fact can be attributed to the high temperatures recorded during this period, allied to the low relative humidity. In other words, the climatic conditions led to rapid larval development and a brief survival time of L3.
It should also be noted that the forage species under study here have different soil fertility requirements. However, the experimental plots were fertilized according to the routine practice at the site of the experiment, where the predominant species is B. decumbens. This may explain the low production of dry matter of Aruana grass, which resulted in higher concentrations of L3/kg DM. Aruana grass usually produces little dry matter when it is insufficiently fertilized, since it is the most demanding of P. maximum cultivars (CECATO et al., 2000) .
In general, higher concentrations of L3 were found in Aruana grass than in the other forage species. Carneiro and Amarante (2008) also reported higher retrieval rates of L3 of H. contortus in Aruana. In general, Brachiaria was found to be the densest forage, followed by Coast-cross. The effect of this higher density was to dilute the L3, causing them to present the lowest concentrations of L3/kg DM.
